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PARTICLES FOR GENE THERAPY 



The present invention relates to nucleic acid containing particles which specifically bind to cells and 
can introduce their nucleic acid into these cells. The invention further relates to methods of 
preparing such particles and means suitable for this purpose as well as the use of the particles in 
gene therapy. 

For gene therapy it is important to have a gene transfer system which is specific, in other words 
with which desired cells can be reached and genes can be introduced into these cells, in the case of 
liver cells, this is generally possible with a modified hepatitis B virus (HBV) as a vector, since HBV 
is specific for liver cells. For other cells, for example fibroblasts, there however exists no «ene 
transfer system which yields satisfactory results. 

It is therefore the object of the invention to provide a gene transfer system which is specific, in 
other words with which desired cells can be reached and genes can be introduced into these cells. 

According to the invention, this is achieved by the subject matter in the claims. • 

fhe present invention is based on the applicant's recognition that nucleic acid-containing particles 
comprising a fusion protein which includes a virus protein, a cell permeability-mediating peptide, in 
particular such a peptide as described in the German patent application 198 50 718.6 and a 
heterologous cell-specific binding site, can bind to corresponding cells and can introduce their 
nucleic acid into these cells. The applicant has for example made nucleic acid containing HBV 
particles which bind to fibroblasts and introduce their nucleic acid into these fibroblasts. To this end 
he exchanged the hepatocyte binding site which is present in the region PreSl, in particular between 
amino acids 21-47, of the large surface protein of HBV (LHBs) with the a5p> 1-integrin binding site 
of fibronectin, wherein the ceil permeability-mediating peptide present in the region PreS2 of LHBs 
remained intact. Furthermore, he made particles with specificity for fibroblasts by joining the core 
protein of HBV (HBcAg) with the cc5pi-integrin binding site of fibronectin and the cell 
permeability-mediating peptide mentioned above. Moreover, he recognized that the nucleic acid 
contained in the particles is expressed in the cells. 



2 



According to the invention the applicant's findings are used to provide particles including: 

(a) a protein envelope with a fusion protein comprising a virus protein, a cell permeability- 

mediating peptide and a heterologous cell-specific binding site, and 

(b) a nucleic acid present in the protein envelope which comprises sequences for a virus- 

specific packaging signal and a structural gene. 

The term :i cell permeability-mediating peptide" includes any peptides capable of mediating a cell 
permeability for substances, in particular proteins. These are in particular the peptides indicated in 
the applicant's German patent application 198 50 718.6. Especially preferred is a peptide including 
the following amino aeid-(DNA)-sequence: 

PLSSIFSRIGD P 
CCC ATA TCG TCA ATC TTC TCG AGG ATT GGG GAC CCT 

The term "cell-specific binding site" includes any binding sites of proteins and other small 
molecules via which the respective proteins or molecules can bind to cells. Examples of such 
binding sites are to be found in cytokines and growth factors. They are further to be found in 
ligands of hormone receptors, neurotransmitter receptors, blood cell surface receptors and integrin 
receptors. A preferred binding site is the cop 1 -integrin binding site of fibronectin. In the following, 
this binding site is referred to as RGD and includes the amino acids arginine, glycine and aspartate. 

The term "virus" includes DNA and RNA viruses, in particular adenoviruses, adeno-associated 
viruses, vaccinia viruses, baculoviruses, hepatitis C viruses, hepatitis A viruses, influenza viruses 
and hepadnaviruses. Examples of the latter are HBV, WHV ("woodchuck hepatitis virus"), GSHV 
("ground squirrel hepatitis virus"), RBSHV ("red-bellied squirrel hepatitis virus") DHV ("Pekin 
duck hepatitis virus") and HHV ("heron hepatitis virus"), wherein HBV is preferred. 

The term „virus protein" relates to any protein of a virus mentioned above which can be present in 
its entirety or partially in a fusion protein together with a cell permeability-mediating peptide and a 
heterologous cell-specific binding site in the form of a further peptide. The protein can also already 
contain the cell permeability-mediating peptide. An example of one such protein is LHBs. This 
protein is preferred, as are other surface proteins and core proteins, for example HBcAg. The term 



"heterologous" indicates that the protein does not intrinsically comprise the cell permeability- 
mediating peptide mentioned above. It can be advantageous when the homologous, i.e. intrinsically 
present binding site of the protein is switched oil. It can be especially advantageous if the 
homologous binding site is replaced with the heterologous binding site. 

The term "nucleic acid" includes RNA and DNA, wherein both can be single stranded and/or 
double stranded. 

The term "virus specific packaging signal" indicates a signal sequence in the above nucleic acids, 
by means of which the nucleic acids are packaged into the protein envelope of a particle. The signal 
sequence is specific for an above-mentioned virus. A preferred signal sequencers that of HBV. This 
is to be found in the HBV DNA and is referred to in the literature as epsilon. 

The term "structural gene" includes genes which code for polypeptides (proteins). Examples of such 
polypeptides are tumor necrosis factors, interferons, interleukins, lymphokines, growth factors, 
plasma proteins, for example clotting factors and metabolic enzymes, and receptors. In particular, 
the polypeptides can be those which are capable of enhancing the immunogenicity of cells. These 
can be polypeptides lacking in tumor cells, for example cytokines such as IL-2 and GM-CSF, and 
co-stimulating molecules such as B7-1, tumor-associated antigens, for example MAGEl, 
tyrosinases and viral polypeptides, for example E7 from the human papilloma virus and EBNA-3 
polypeptide from the Epstein-Barr virus. Furthermore, the polypeptides can be adapter 
polypeptides, oligomeriztion motifs of a polypeptide, polypeptide fragments of virus envelope 
polypeptides and hormones. The term "structural gene" further includes antisense oligonucleotides, 
peptide nucleic acids, consensus sequences for transcription factors and ribozymes. 

According to the invention particles containing a fusion protein are preferred, wherein the fusion 
protein includes an LHBs or fragments thereof and a heterologous binding site, in particular RGD. 
It is advantageous if the heterologous binding site, for example RGD, is present in place of the 
homologous binding site. It is especially preferred if the fusion protein comprises the amino acid 
sequence of Fig. 1 or an amino acid sequence differing therefrom in one or more amino acids. 

Furthermore, particles are preferred which contain a fusion protein which includes an HBcAG, a 
cell permeability-mediating peptide, for example as indicated in the German patent application 198 
50 718.6, in particular with the amino acid sequence given above, and a heterologous binding site, 



in particular RGD. It is especially preferred if the fusion protein comprises the amino acid sequence 
of Fig. 2 or an amino acid sequence differing therefrom in one or more amino acids. 

The term "an amino acid sequence differing in one or more amino acids" indicates that this amino 
acid sequence specifies a fusion protein which has comparable elements and functions as the fusion 
protein in Fig. 1 or figure 2 but which differs from the amino acid sequence of Fig. 1 or Fig. 2 up to 
20%, preferably 1 0%. 

A particle according to the invention can be prepared by conventional methods. If the particle 
contains for example a fusion protein including an LBHs in which the homologous binding site is 
replaced by a heterologous binding site, in particular RGD, a method containing the following 
method steps is advantageous: 



(a) cotransfection of cells coding for a hepatitis B virus genome, wherein the cells do not 
express LHBs, with a first expression vector coding for a fusion protein including an 
LHBs, in which the homologous binding site is replaced by a heterologous binding 
site, m particular RGD, and with a second expression vector comprising a virus- 
specific packaging signal and a structural gene, and 

(b) isolation and purification of the particle. 



If the particle contains a fusion protein including an HBcAg, a cell permeability-mediating peptide 
according to the German patent application 198 50 718.6, in particular the peptide with the above 
amino acid sequence, and a heterologous binding site, in particular RGD, then a method including 
the following method steps is advantageous; 



(a) cotransfection of cells coding for an HBV polymerase with a first expression vector 
coding for a fusion protein including HBcAg, a cell permeability-mediating peptide 
according to the German patent application 198 50 718.6, in particular the peptide 
with the above amino acid sequence, and a heterologous binding site, in particular 
RGD, and with a second expression vector comprising a virus-specific packaging 
signal and a structural gene, and 

(b) isolation and purification of the particle. 



With respect to the terms "expression vector', i; celis" and ^isolation and purification", reference is 
made to the explanations below, in particular in the examples. The cells also represent subject 
matter of the present invention. With respect to the other terms, reference is made to the above 
explanations. 

Further subject matter of the present invention is a fusion protein including an LHBs or fragments 
thereof and a heterologous binding site, in particular RGD. Preferably the fusion protein includes 
the amino acid sequence of Fig. 1 or an amino acid sequence differing therefrom in one or more 
amino acids. 

Further subject matter is a fusion protein including an IIBcAg, a cell permeability-mediating 
peptide and heterologous binding site, in particular RGD. The fusion protein preferably includes the 
amino acid sequence of Fig. 2 or an amino acid sequence differing therefrom in one or more amino 
acids. 

With respect to the term "an amino acid sequence differing in one or more amino acids", reference 
is made to the above explanations. 

Further subject matter of the present invention is a nucleic acid coding for a fusion protein 
mentioned above. The nucleic acid can be an RNA or a DNA. Preferably it is a DNA which 
includes the following: 

(a) The DNA of Fig. I or 2 or a DNA differing therefrom by one or more base pairs, or 

(b) a DNA related to the DNA of (a) by virtue of the degenerate genetic code. 

The term "a DNA differing by one or more base pairs" indicates that this DNA codes for a fusion 
protein which comprises comparable elements and functions as the fusion protein of Fig. 1 or 2, but 
which differs from the base sequence of Fig. 1 or 2 such that, in the amino acid sequence, a 
difference of maximum 20%, preferably 10% is present. 

A DNA according to the invention can exist as such or in a vector. A DNA according to the 
invention can in particular exist in an expression vector. Examples of such expression vectors are 
known to one of ordinary skill in the art. In the case of an expression vector for E.coli, these are for 
example pGEMEX, pUC derivatives, pGEX-2T, pET3b and pQE-8. pYlOO and Ycpadl are 



examples for expression in yeast while pKCR, pEFBOS, cDM8, pCEV4, pCDNA3 ; pKSVIO, 
pRCMV and pRIO are examples for the expression in animal cells. The bacculo virus expression 
vector pAcSGHisNT-A is especially suitable for expression in insect cells. 

One of ordinary skill in the art knows suitable cells for the expression of the DNA according to the 
invention present in an expression vector. Examples of such cells include the E.coli strains HB101, 
DHL x)776, JM101, JM 109, BL2L SG 13009 and M15pRep4, the yeast strain Saccharomyces 
eerevisiae, the animal cells U NIH 3T3, FM3A, CHO, COS, Vero, HeLa, Hep62, CCL13 and 293, 
the insect cells Sf9 and Sf21 and the plant cells Lupinus albus. 

One of ordinary skill in the art knows methods and conditions for the transformation or transfection 
of cells with an expression vector containing the DNA according to the invention as well as for the 
cultivation of the cells. He also knows methods for the isolation and the purification of the virus 
protein expressed by the DNA according to the invention. 

Further subject matter of the present invention is an antibody directed against the fusion protein 
mentioned above. Such an antibody can be made by conventional methods. It can be polyclonal or 
monoclonal. In making it, it is advantageous to immunize animals, in particular rabbits or chickens 
for a polyclonal antibody and mice for a monoclonal antibody, with the fusion protein. Further 
"boosters" of the animals with the fusion protein can also take place. The polyclonal antibody can 
then be obtained from the serum or the egg yolk of the animals. For monoclonal antibodies, the 
spleen cells of the animals are fused with myeloma cells. 

Further subject matter of the present invention is a kit. Such a kit includes one or more of the 
following components: 

(a) a fusion protein according to the invention, 

(b) a DNA according to the invention, 

(c) an antibody according to the invention, as well as 

(d) normal adjuvants such as carriers, buffers, 
solvents, controls, etc. 

One or more representatives for each of the individual components can be present. With regard to 
the individual terms, reference is made to the above explanations. 
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The present invention provides a gene transfer system which is specific, in other words with which 
the desired cells can be reached and genes can be introduced into these cells. The cells can be 
present individually or in a tissue. Furthermore, the cells can be isolated or can be present in the 
body of an individual. The present invention is therefore suitable for an ex vivo or in vivo therapy 
of cells or tissues, respectively. The application of the present invention can be monitored and 
controlled by antibodies according to the invention. 

The present invention therefore represents a major step forward as a way of performing directed 
modifications to cells or tissues by gene therapy. 

Short description of the drawings. 

Fig. 1 shows the amino acid and DNA sequences of a fusion protein according to the 

invention which includes an LHBs and the heterologous binding site RGD, 
wherein the latter replaces the homologous site. 

Fig- 2 shows the amino acid and DNA sequences of a fusion protein according to the 

invention which includes an HBcAg, a cell permeability-mediating peptide of the 
above amino acid sequence and the heterologous binding site RGD. 

The present invention is explained by way of the following examples. 

Example 1: Preparation of a particle according to the invention which contains a fusion 
protein including an LHBs and a heterologous binding site. 

(A) Preparation of an expression vector coding for all HBV-spccific proteins with the 
exception of LHBs 

To achieve this, one starts from the plasmid pTKTHBV2 (cf. Will et ah, Proc. Natl. Acad. Sci. 82 
(1985), 891-895). This contains two copies of the HBV genome. A fragment from ntHBV2821 
(first copy) to ntHBV2870 (second copy) is amplified in a first PCR. The forward primer (nt 2821- 
2855) comprises the following sequence: CCA TAT TCT TGG GAA CAA GAT ATC CAG CAC 
GGG GC. An EcoRV cleavage site is underlined. The triplet ACG between nt 2849-2852 replaces 



the ATG start codon of LHBs. The backward primer (nt 2877-2845) comprises the following 
sequence: GGA TTG CTG GTG GAA GAT ATC TGC CCC GTG CTG. An EcoRV cleavage site 
is underlined. The triplet CGT between nt 2852-2849 replaces the natural triplet CAT. PGR 
fragments obtained are digested with EcoRV and are purified on a preparative 1% agarose gel. A 
fragment of about 3.3 kb in size is eluted from the gel and is stored. 

In a second PCR, a forward primer comprising an EcoRV cleavage site followed by the subsequent 
sequence ntHBV2860 (second copy)-2878 (first copy) (CAG CAC GGG GCA GAT ATC TTC 
CAC CAG CAA TCC), and a backward primer comprising an EcoRV cleavage site followed by the 
subsequent sequence ntHBV 2830-2810 (GC CCC GTG CTG GAT ATC ATC TTG TTC CCA 
AGA ATA TGG) are used. PCR fragments obtained are digested with EcoRV and are purified on a 
preparative 1% agarose gel. A fragment of the expected size is eluted from the gel and is 
dcphosphorylated. This fragment is used in a ligase reaction with the above fragment of 
approximately 3.3 kb, wherein the HBV expression vector pTKTHBV2Ldef is obtained. This 
expression vector codes for all HBV -specific proteins with the exception of LHBs. 

(B) Preparation of an expression vector which codes for a fusion protein incJuding an LHBs 
and the heterologous binding site RGO 

The fragment ntHBV2990-834 is amplified by PCR starting from the plasmid pTKTHBV2 (cf. 
above). The 5' primer comprises the following sequence: AAA AGA TCT GGC CGT GGC GAA 
GGA GCT GGA GCA TTC. This sequence includes a Bglll cleavage site followed by an ATG start 
codon and the sequence coding for the tripeptide RGO. The PreS 1 -specific reading frame is used. 
The 3 ? primer comprises the following sequence: AAA AGA TCT GGT TTA A AT GTA TAC 
CCA A AG. This sequence includes a Bglll cleavage site. PCR fragments obtained are digested with 
Bglll and are inserted in the vector pCDNA.3 (Invitrogcn), which has been cleaved with Bglll and 
dcphosphorylated, whereby the expression vector pCRGDLHBs is obtained. This expression vector 
codes for an N-terminally shortened LHBs including the RGD binding site. 

(C) Preparation of an expression vector which comprises a structural gene and a packaging 
signal 

A sequence coding for the HBV packaging signal epsilon, for example ntHBV 1840-1914, is 
amplified by PCR. An EcoRV cleavage site is introduced via the primer used. The sequence of the 
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forward primer reads: CCC GAT ATC ATG TCA TCI' CTT GTT CAT GTC CTA. The sequence 
of the backward primer reads: GGG GAT ATC GGT CGA TGT CCA TGC CCC AAA. PCR 
fragments obtained are cleaved with EcoRV and are inserted in the vector pCDNA.3 (cf above) 
which has been cleaved with EcoRV and dephosphoryiated, whereby the vector pcVPHBV is 
obtained. This vector contains the PIBV-specific packaging signal epsilon. 



Starting from the vector pCeGFP (Invitrogen) coding for a "green fluorescent protein ?; under the 
control of the CMV promoter, the sequence containing the CMV promoter and the GFP gene is 
amplified by PCR. The forward primer has the following sequence: GGG GGA TCC CGA TGT 
10 ACG GGC CAG ATA TAC GCG TTG. The backward primer has the following sequence: GGG 
GGA TCC GCG GCC GCT TTA CTT GTA. The primers used each contain a BamHl cleavage site. 

^ PCR fragments obtained are cleaved with BamHI and are inserted into the vector pCVPHBV (Invi- 

trogen) which has been cleaved with BamHI and dephosphorylated, whereby the expression vector 

L 3 pCVPIIBVeGFP is obtained. This expression vector contains the HBV-specific packaging signal 

■«J 1 5 epsilon, the CMV promoter and a sequence coding for cGFP. 



(D) Preparation of a packaging cell line 



'I Approximately 0.8x1 0 6 HepG2 cells are transfected with 4 u.g of pTKTHBV2Ldef (cf. (A)) and 2 

} 20 j.ig of pCDNA.3 (cf. (B)) by means of lipofection. pCDNA.3 codes for G418 resistance. 2h after 

} 

, transfection, the cells are transferred into a medium containing 700 mg G418/I. G418- resistant 

clones are subcultured after 14d. The stable integration of pTKTHBV2Ldef is confirmed by means 
of PCR and southern blots. The expression of the surface protein SHBs from HBV and from 
HBcAg is confirmed by means of specific antibodies in EUSAS. The packaging cell line HepG2- 
25 TKTHBV2Ldef is obtained. This cell line expresses all HBV-specific proteins with the exception of 
LHBs. 



(E) Preparation of particles according to the invention 

30 Approximately 0.8x1 0 6 cells of the packaging cell line of (D) are transfected with 3u,g of 
pCRGDLHBs (cf. (B)) and 3ug of pCVPHBVeGFP (cf (B)) by means of lipofection. 72h after 
transfection, the cells or their supernatants, respectively, are collected and subjected to a PEG 
precipitation. Subsequently, a CsCl density gradient centrifugation is performed. The particles 
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according to the invention are obtained in pure form. These particles include all HBV-specific 
proteins with the exception oI'LHBs, which is replaced by a RGD-LHBs. 

Example 2: Preparation of a particle according to the invention which contains a fusion 
protein including an HBcAg, a cell permeability-mediating peptide and a 
heterologous binding site. 

A DNA coding for a cell permeability-mediating peptide (subsequently referred to as ZPP) is used. 
This DNA has the following sequence: XXX AGA TCT ATG CCC ATA TCG TCA ATC TTC 
TCG AGG ATT GGG GAC CCT GGA TCC XXX (X denotes any nucleotide). This sequence has 
at its 5'-cnd a Bglll cleavage site, followed by an ATG start codon and, at its 3'-end, a BamHI 
cleavage site. A double stranded DNA molecule based on the above sequence is cut with 
BamHI/Bglll and is inserted into the expression vector pCDNA.3 (cf. above), which has been 
cleaved with Bam Ml and dephosphorylated, whereby the expression vector pCZPP is obtained. 

Furthermore, the expression vector pTKTHBV2 (cf. above) is used to amplify the fragment nt-HBV 
1861-2136 by means of PCR. The forward primer includes the following sequence: XXX GGA 
TCC ACT GTT CAA GCC TCC AAG CTG. This sequence includes a BamHI cleavage site 
followed by the sequence ntHB 1861-1881. The backward Primer includes the following sequence: 
XXX GAA TTC TOG ATC TTC CAA ATT AAC ACC CAC CCA. Thts sequence includes an 
EcoRI cleavage site followed by the sequence ntHBV 2139-21 16. In a second PCR, the fragment 
ntHBV 2140-2480, which is extended at its 5 '-end with the sequence coding for the RGD motif, is 
amplified. The forward primer includes the following sequence: XXX GAA TTC CGA GGC GAC 
GCG TCT AGA GAC CTA GTA GTC. This sequence includes an EcoRI cleavage site followed by 
the sequence coding for the RGD motif, and the sequence ntHB V21 40-216 1. The backward primer 
includes the following sequence: XXX AAG CTT TCC CCA CCT TAT GAG TCC AAG. This 
sequence includes a HindlU-clcavage site and the sequence ntHBV 2480-2460. 

Fragments obtained from both PCRs are cleaved with EcoRI and are ligated with one another. The 
ligation product is used as a template for a further PCR, wherein the forward primer from the first 
PCR is used as a forward primer and the backward primer from the second PCR is used as a 
backward primer. PCR fragments obtained are cleaved with BamHI/HindHI and are inserted into 
the vector pCZPP, which has been cleaved with BamHI/HindHI and has been dephosphorylated, 
whereby the expression vector pCZPPHBcRGC is obtained. This expression vector codes for 
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HBcAg coniaining the ZPP sequence at the N-terminus and the RGD sequence in the region of the 

amino acids 79-82. 

Furthermore, approximately 0.8x10 s HepG2 cells are transfected by means of lipofection with 4ug 
5 of an expression vector coding for HBV polymerase and with 2 ug pCDN3. Here., reference is made 
to the previous description from example 1 (D). A cell line denoted as HepG2-HBV Pol is obtained. 

Approximately O.SxlO 6 cells of the cell line HepG2-HBV Pol are transfected with 3 M g of 
pCZPPHBc RGC and 3 M g of pCVPHBVeGFP (cf. example 1,B) by means of lipofection. Here, 
reference is made to the above description of example 1(E). Particles according to the invention are 
obtained in pure form. 
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I Example 3: Detection of the expression of a nucleic acid present in particles according to 

the invention in fibroblasts 
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JJJ Approximately lxlO 9 particles according to the invention from example 1(E) or example 2 are 

f solubilized in 100 M l 0.9% saline and are injected into the tail vein of balb/c mice. The soleus- and 

M the tibialis anterior muscle is isolated at 48h after injection and is slowly frozen in a "tissue tag". 

Q Cryo-slices are prepared from the frozen preparation and are analyzed under a fluorescence 

ruj 20 microscope with blue excitation. 
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A green fluorescence in the fibroblasts is obtained, indicating the expression of the "green 
fluorescent protein". 

Example 4: Preparation and purification of a fusion protein according to the invention 

The fusion protein of Fig. 1 according to the invention is made. To this end, DNA from Fig. 1 is 
provided at the S'-end with a BgHI linker and at the 3'-end with a BgUI linker and is subsequently 
cleaved with the corresponding restriction enzymes. The Bglll/Bglll fragment obtained is inserted 
into the expression vector pQE8 cleaved with BamHI, so that the expression plasmid pQE8/LHBs is 
obtained. Such a pJasmid codes for a fusion protein made of 6 histidine residues (N-terminus 
partner) and the fusion protein according to the invention from Fig. I (C-terminus partner). pQE- 
8/LHBs is used for the transformation of E.coli SG 13009 (cf. Gottesman, S. et al., J. Bacteriol. 148, 
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(198 1), 265-273). The bacteria are cultivated in an LB medium with 100 ug/ml ampicillin and 25 
ug/ml kanamycin and are induced for 4h with 60 u.M Isopropyl-B-D-Thiogalactopyranoside (IPTG). 
Lysis of the bacteria is achieved by addition of 6 M guanidine hydrochloride, whereafter 
chromatography (Ni-NTA-Resin) of the lysate is performed in the presence of 8 iVl urea according 
to the directions of the manufacturer (Qiagen) of the chromatography material. The bound fusion 
protein is eluted in a buffer at pH 3.5. Following neutralization, the fusion protein is subjected to 18 
% SDS polyacrylamide gel electrophoresis and is stained with coomassie blue (cf. Thomas, J.O. and 
Kornberg, R.D., J.Mol.Biol. 149 (1975), 709-733). 

It has been found that a fusion protein according to the invention can be made in highly pure form. 

Example 5: Preparation and detection of an antibody according to the invention 

A fusion protein of example 4 according to the invention is subjected to 18 % SDS polyacrylamide 
gel electrophoresis. After staining of the gel with 4 M sodium acetate, a 38 kD band is cut out of the 
gel and is incubated in phosphate-buffered saline solution. Pieces of the gel are sedimented prior to 
determination of the protein concentration of the supernatant by SDS polyacrylamide gel 
electrophoresis and staining with coomassie blue. Animals are immunized with the gel-purified 
fusion protein as follows: 

Immunization protocol for polyclonal antibodies in rabbits 

35 uo of gel-purified fusion protein in 0.7 ml PBS and 0.7 ml complete or incomplete Freund's 
adjuvant are used for each immunization. 



Da Y 0: L Immunization (complete Freund's adjuvant) 

Day 14: 2. Immunization (incomplete Freund's adjuvant; 

icFA) 

Day 28: 3. Immunization (icFA) 

Day 56: 4. Immunization (icFA) 

Day 80: bleeding 



The rabbit serum is tested in an immunoblot. To this end., a fusion protein from example 4 
according to the invention is subjected to SDS polyacrylamide gel electrophoresis and is transferred 
to a nitrocellulose filter (cf. Khyse-Andersen, J., J. Biochem. Biophys. Meth. 10, (1984). 203-209). 
Western blot analysis as described in Bock, C.-T. et aL Virus Genes 8, (1994), 215-229 was 
5 performed. To this end, the nitrocellulose filter is incubated for 1 h at 37°C with a first antibody. 
This antibody is the serum of the rabbit (1:10000 in PBS). After multiple wash steps with PBS, the 
nitrocellulose filter is incubated with a second antibody. This antibody is a monoclonal goat anti- 
rabbit IgG antibody (Dianova) coupled with alkaline phosphatase (1:5000) in PBS. After 30 
minutes of incubation at 37°C, multiple wash steps with PBS follow and subsequently the alkaline 
0 phosphatase detection reaction is performed with development solution (36 uM 5' bromo-4-chloro- 
3-indoIylphosphate, 400 uM nitroblue tetrazolium, 100 mM Tris-HCl, pH 9.5, 100 mM NaCl, 5 
mM MgCU) at room temperature until bands become visible. 

It has been found that polyclonal antibodies according to the invention can be prepared. 

5 

Immunization protocol for polyclonal antibodies in chicken 

40 f.ig of gel-purified fusion protein in 0.8 ml PBS and 0.8 ml complete or incomplete Freund's 
adjuvant are used for each immunization. 

Da y 0: 1 ■ Immunization (complete Freund's adjuvant) 

Day 28: 2. Immunization (incomplete Freund's adjuvant; 

icFA) 

Day 50: 3. Immunization (icFA) 

Antibodies are extracted from egg yolk and are tested .by western blot. Polyclonal antibodies 
according to the invention are detected. 

Immunization protocol for monoclonal antibodies of mice 

12 ua of gel-purified fusion protein in 0.25 ml PBS and 0.25 ml complete or incomplete Freund's 
adjuvant are used for each immunization; In the fourth immunization, the fusion protein is 
solubilized in 0.5 ml (without adjuvant). 



14 

1. Immunization (complete Freund's adjuvant) 

2. Immunization (incomplete Freund's adjuvant; 
icFA) 

3. Immunization (icFA) 

4. Immunization (PBS) 
fusion 

Supernatants from hybridomas are tested by western blot. Monoclonal antibodies accord 
invention are detected. 



Day 0: 
Day 28: 

Day 56: 
Day 84: 
Day 87: 



